The concept of virtual water in recent years has been proposed with the world's water resource consumption management approach. Hashtgerd study area is one of 609 study areas of the country that is located entirely in Alborz Province. Average annual rainfall in this region was about 200 to 340 mm and the average agricultural production per year was more than one million tons and had more than 16 million cubic meters surplus recovery from underground water resources. The aim of this study is to evaluate resources and amounts of virtual water in the agricultural sector of the study area and its impact on the area water resources balance and ultimately provide solutions to reduce water consumption by the agricultural sector. The most important exported water products in Hashtgerd area in order of importance are peaches and nectarines (33% of water exports), plums (15% of water exports), vegetables (5.14 percent of water exports), cherry (4.7% of water exports) and wheat (6.5 percent of water exports). Virtual water trade balance of agricultural and horticultural products in the digital range is equal to 260+ million cubic meters. Density of agricultural lands can be mentioned as the main reasons for positive balance of virtual water trade in this area.
Introduction
The concept of virtual water was presented for the first time by Tony Allen in 1993, as total consumed water to produce a certain quantity of the product as commodity, agricultural products and/or services. Researchers with the introducing the results indicate that interior water resources of a country can supply its water needs or each country how much depends on water resources of exporting products countries [1] [2] .
Many countries in arid and semi-arid regions have surplus recovery from renewable water resources to manage food security and food self-sufficiency. Virtual water trade can reduce the crisis of water resources, provided that the countries with water resources limitation have the ability to import food from countries with high water resources [3] .
Hukstra and Hang (2002) stated that total water consumption inside a country was not alone proper criterion of its actual recovery of that country from global water resources. In fact, the volume of imported virtual water should be added to the total internal water consumption so that a true picture of the real needs of a country to global water resources to be drawn. And also, the volume of exported virtual water should be less than the volume of internal water consumption. They introduced total net imports of virtual water and internal water consumption as water ecological footprint of a country, which was an indicator to determine the actual consumption of water [1] [2] [4] . Iran has a very inhomogeneous distribution of water resources in the country. In this case, intra-countries virtual water trade between provinces and even townships by spending less can solve a major part of problems in the water distribution [5] .
Water use efficiency of all agriculture and horticulture products in Alborz province is higher than national average and even more often higher than all provinces of the country. It is considered in this study that in addition to clarification capacities, policies and perspectives of soil and water of study area using virtual water concept and existing agricultural production statistics, water use in agriculture is to be analyzed widely [6] .
The aim of this study is to evaluate resources and amounts of virtual water in the agricultural sector and its impact on water resources balance in the study area of Hashtgerd. In fact, the present study monitors consumption management and examines its impact on water resources.
Materials & Methods
Water national document data, the book of estimate of water requirements of major agricultural and horticultural plants written by Farshi and colleagues and food consumption capita statistics have been used for net irrigation water need of agricultural plants [3] . Therefore some tables have been prepared which have been calculated water consumption of different products and overall, compute water consumption of entire agricultural sector, but the important point is that the obtained number must be consistent with the realities of the region's water, so it is necessary that tables to be calibrated in such a way to establish micro and macro communications of agricultural sector in an appropriate and realistic way.
Regarding to the production of all agricultural, horticultural and livestock products in the study area in 2013-2014 using the concept of water stored in the products calculation of total water consumption in agricultural sector has been studied separately. Also capacities savings and priority management have been identified. Following considerations have been regarded to accomplish the calculations: 1) Almost all produced products in the area (Agriculture and horticulture) have been considered. 2) Virtual water trade with a positive sign means exports and with negative sign means imports.
3) In the case of agricultural and horticultural products that their capita consumption does not exist in a way of country have used FAO statistics and their related offices in Jahade Keshavarzi Ministry, and it has been considered equal for all the years.
Great care has been taken to calculate required water and water consumption of agricultural products (which is very important). But comprehensive and accurate information in some cases has not been available because the lack of studies and data recording systems (such as lack of observational wells and groundwater resources quality monitoring system).
Under Study Area
The whole country has been consisted of 6 main watershed areas and 30 watershed of 2 degree. In the other divisions, the whole country has been divided into 609 different studied areas. Hashtgerd studied area (4105 code) is included one of 609 studied area of country and parts of the watershed of 2 degree, as lake of salt watershed (Code 41).
Under study area of Hashtgerd has been located in the northern half of salt lake watershed, area of mountains and plains in this area are 579 and 6.591square kilometers (a total of 1170.6 square kilometers), respectively and maximum and minimum height of 4058 and 1133 meters, respectively [7] .
This under study area consists of parts of the two city of Savojbolagh (Alborz province garden pole) and Nazar Abad (Region Agricultural pole) and more than 90% of agricultural lands of these city. In this study, the data related to these two city considered as Hashtgerd data for the under study area. From the most important of the sections in studied area can be referred to Chandar, Tankaman, Charbaghand Markazi (Figure 1) .
Also, most important river in the studied area is the Kurdan river. Economic and political position in this region because of Tehran Mega polis, and localization of a large number of industrial, service units, and major agricultural centers in the area, all lead to large force be pressured on the available water resources.
The total number of beneficiaries in the studied area which has been achieved from the beneficiaries of Nazarabad (3800) and Savojbolagh (13,000) is about 16800 and share of the agricultural sector employed is 6.7% of the total area population (220 million people).
With an overview of the current status of agriculture in the region of Hashtgerd and compared with provincial and national statistics, will have been considered the following points:
1) Agricultural products' performance often is more than provincial and national mean and according to Ministry of Agriculture, record of national wheat production is 5/13 tons per hectare belongs to NazarAadi farmer.
2) Most of the cultivation and production of horticultural products of Alborz province is in this range. International record of 70 tons per hectare is recorded by the Savojbolagh farmer.
3) The per capita income of each exploiter in agricultural section is more than per capita mean income of each The feature means production of products by high economic value inside and import of water consuming production by lower economic value is of populated and low water regions of world [8] .
Computation of Water Consumption
Farshi and colleagues have calculated the amount of pure water of each agricultural and horticultural production for Karaj province by reduction of supplied water of rain from total pure water required to plant [3] . Calculation of amount of consumption water of each plant in the region Hashtgerd is done based on cropping patterns and use of multiplying cultivated of each plant by pure water need.
Results and Discussion

Surrounding Water Resources and Water Balance
Exploiter resources of groundwater in the research area contains 6661 wells with an annual discharge 98/318 million cubic meters, 204 spring bit with an annual discharge 65/5 million cubic meters and 18 aqueduct with an annual discharge 73/3 million cubic meters ( Table 1) .
Volume of water consumption in the study area equals to 363.06 million cubic meters a year which is 320.3 million cubic meters of groundwater (wells and aqueducts) and 42.76 million cubic meters of surface flows and spring that used respectively 330.81 million cubic meters (91%) in agriculture, 24.27 million cubic meters (7%) in consumption and 7.98 million cubic meters (2%) in industry ( Table 2) .
Balance, is balance between properties and harvesting and about water resources between input and output factors of water in a watershed, a study area or an aquifer in certain time. The balance results of groundwater include volume belongs to each component of recharging and discharging aquifer and alluvial aquifer storage volume change has presented in Table 3 .
However, the amount of change in firm storages of surface and groundwater should be balanced between input and output factors. Therefore the total output factors of general balance of water in the study area Hashtgerd equals to 302.39 million cubic meters which is more compared to 16.02 million cubic meters of input factors, that the volume equals to reduction volume of alluvial aquifer of Hashtgerd plain, which the extra recovery of firm storage of alluvial aquifer is recovered from Hashtgerd plain.
Water Consuming of Agricultural Section of Major View
Of the most major cultivated agricultural productions in Hashtgerd area can be aligned respectively 29.4 percent, 24.7 percent and 21 percent to wheat, forage maize and barely and in horticultural productions 21.5 percent is to nectarines, 21.2 percent to peach and 10 percent to apple.
According to Tehran regional water company in the crop year 2013-2014, the amount of water consumption in agricultural section in the study area is about 331 million cubic meters (15.91%) of total 363 million cubic meters of consumed water. According to the present study total of consumption water in agricultural (without considering livestock products) section is about 339 million cubic meters. The deference of 8 million cubic meters is due to in the study two cities are considered Sovojbolagh and Nazarabad, while the study area has the less extensive 10 major water consumption products include respectively peach and nectarines, forage maize, wheat, barely, types of plums, cabbage and lettuce, alfalfa, apples, cherries and grapes which are more than 86% of water consumption of agricultural and horticultural.
Based on Water Resources Management Company report in Alborz, the most of groundwater withdrawals has been on Hashtgerd plain and the amount of 43.4% of total water withdrawal. The amount of 51.4 of total water withdrawal from groundwater resources is used for agricultural consumption, it should be noted that the plain is of banned plains.
Cultivated Area and the Levels of Agricultural Production
Cultivated area and percentage of agricultural and horticultural productions in range of 2013-2014 has been presented in Table 4 . Cultivated area of agricultural crops had been 35818 hectares in the based year. About 75 percent of the area under cultivated of agricultural crops in Alborz province (Table 4) is located in two cities Nazar Abad (53%) and Savojbolagh (22 percent). The reason of centralization of cultivation in these cities must be searched in quality and quantity of their water resources.
About 56 percent of the city's gardens are located in Savojbolagh. Totally (figure), two cities of Nazar Abad (37%) and Savojbolagh (34%) constitute approximately 71 percent of the area under cultivated of agricultural crops. Nearly all of agricultural lands cultivated the study area as watery in the crop year of 2013-2014.
In the year, amount of agricultural products have been 1165213 tons and the overall amount of horticultural products have been 383,627 tons which is included irrigated and rainy products.
About 51 percent of area which covered by greenhouses in the province and 52% of greenhouse products in Hashtgerd the study area has been located in the province. Total of cultivated area of greenhouse products are about 219 hectares that if to be consider 8,000 cubic meters of water per hectare, about 1.7 million cubic meter water has been consumed in this section.
Water Consumptions in Agricultural and Horticultural Section
According to Iran Water Resources Management Company, in the Alborz province has been occurred most harvest of groundwater resources for agricultural purposes in Hashtgerd area and amount of 51 percent of the whole harvest of groundwater resources. 
Need to Irrigation of Agricultural and Horticultural Products
The net consumption of irrigation water of horticultural and agricultural products has been given in Table 5 and Table 6 respectively.
Water Consumption of Agricultural and Horticultural Products in the Province
Also required pure water levels in the study field and based on the pattern of cultivation of agricultural products and fertile horticultural products have been calculated and presented in Table 7 . The under cultivation percentage level of various products in this calculation was effective, and in average for per hectare of agricultural plants under cultivation level 5378 cubic meters and per hectare of horticultural products under cultivation level 8856 cubic meters of water have been consumed (Table 8) .
According to calculations in this study, the major provider of food needs of humans and livestock products (agricultural, fertile horticultural and greenhouse), have been consumed 339 million cubic meters of water in the region of Hashtgerd. Virtual water exports in agricultural and horticultural sector is 24.346 million cubic meters, virtual water import 68.75 million cubic meters of, and then virtual water trade balance of agricultural and horticultural products in the range of digital is 56.270 million cubic meters.
Agricultural lands density range, high performance products compared to national average as well as the district proximity to the country capital that large amount of agricultural production in the region, especially vegetables, cucurbits, and fruits are consumed in Tehran or in Karaj can be the main reasons for the positive balance of virtual water trade.
Calculations show that two townships of Savojbolagh and Nazarabad with about 64 percent of the horticultural lands and 75 percent of agricultural lands in the province have the highest share of agricultural consumption water of Alborz Province ( Table 9 ). In such a way that about 40 percent of agricultural consumption water is consumed in this area. At least there is about 35 million cubic meters of low potential managed irrigation in the area study in Hashtgerd in 10 major products cultivation which are allocated 86% of consumption water of agricultural sector.
Virtual water exports in agricultural and horticultural sector in the study area in Hashtgerd is 24.346 million cubic meters that with respect to water consumption in greenhouse products gets to 348 million cubic meters. This water is mostly exported to Tehran and Karaj. Virtual water imports of this region is 75.68 million cubic meters and therefore virtual water trade balance of agricultural and horticultural products in the province in digital is +260 million cubic meters, it means 260 million cubic meters of virtual water is exited annually by agricultural products exports.
The most important water exported products in Hashtgerd range in order of importance are peaches and nectarines (33 percent of water exports), plums (15 percent of water exports), vegetables (5.14 percent of water exports), cherry (4.7 percent of water exports) and wheat (6.5 percent of water exports). The most water imported products of the range, in order of importance are rice (23 percent of virtual water imports) and citrus (19 percent of water import).
By 25 percent reduction in area under cultivation in peaches and nectarines or by 50 percent of the area under cultivation of these two products equipped with a drip irrigation system, about 16 million cubic meters of water will reduce consumption causing equilibrium in alluvial aquifer balance.
Therefore, regarding to negative water balance in the region and to balance incoming and outgoing water, it is necessary that the area under cultivation of products with high water consumption to be reduced such as alfalfa, tomatoes, cherries and apples as well as unconventional and non-essential products that have a high share in water consumption to be transferred into greenhouse such as vegetables and cucurbits so that in addition to optimum water consumption, their production level to be increased. Source: required water estimation of agricultural and horticulture major plants, Farshi and colleagues. The Country National Water document has been used for grapes, lettuce and cabbage and vegetables. In this study, the irrigation method in which the entire surface of garden gets wet has been considered to calculate the annual water requirement of horticultural product. It should be noted that the value for the initial irrigation (water-soil) has not been included in the calculation of irrigation requirements. Table 6 . Water requirements and the need for irrigation water of horticultural products (excluding performance) in the study area (cubic meters ha). Regarding to water consumption for the production of forage maize and alfalfa and comparison of water use efficiency of these two products (respectively 7.3 and 6.0 kilograms per cubic meter) and also due to importance of animal husbandry in the province, an increase of area under cultivation of forage maize in the province due to better performance and less water consumption has relative advantage and reduces forage imports and it seems reasonable. Due to the relative advantage of forage maize compared to alfalfa, regional farmers have increased area under cultivation of this products compared to alfalfa properly in current years.
Suggestions
1) It is recommended that methods such as increasing water productivity at the farm level which has been a priority of the relevant organs for years optimized and modified by combination of correction procedures cultivation applying on cultivation pattern based on virtual water consumption level in different situations, modifying consumption patterns in the community which has been emphasized on it in Arabic study by Yazdi and Nik ta [9] , no increase in area under cultivation in the basin aquifers under water stress, optimizing the cultivation methods and using the concept of virtual water trade to control the export volume of water through this way.
2) Also it is recommended in this area, especially in areas where the forage maize performance is less than 40 tons per hectare, sorghum cultivation is replaced. Due to the multiplicity of animal husbandry units in the 
